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FOREWORD

Alaskans cherish and rely upon our wild resources for nutrition, cultural integrity,
livelihoods, recreation, and spiritual wellbeing. Consequently, major sources of waste
discharges into Alaska’s marine environments must be managed to maintain the integrity
of Alaska’s coastal and marine environments, and to ensure that marine resources are not
compromised.

It is imperative that cruise ship waste discharges be treated and monitored. It is also
critical that we evaluate and understand the impacts that cruise ship wastes have or can
potentially have on Alaska’s waters and marine resources. To that end, the Alaska Cruise
Ship Initiative wastewater and solid waste work group -- comprised of industry, state,
federal, and public members -- created a Science Advisory Panel to conduct an
independent scientific investigation of the impacts on human health and the environment
from cruise ship waste discharges.

The Science Advisory Panel members were carefully selected to ensure a range of
expertise for a full, thorough, and scientific assessment of impacts from cruise ship
wastes in Alaska. The Science Advisory Panel is an independent body whose work and
conclusions are not subject to government or industry approval. The Science Advisory
Panel’s conclusions or recommendations form the scientific underpinnings for agencies
and the public to make policy decisions on how best to work with the industry to manage
cruise ship wastes.

The following report of the Science Advisory Panel is a major milestone in the
understanding of the impacts from cruise ship waste discharges in Alaska. The Alaska
Department of Environmental Conservation is very appreciative of the enormous
contributions the Science Advisory Panel has made to the state of knowledge regarding
cruise ship industry impacts in Alaska. The Panel’s work is valuable not only to
Alaskans, but also to other coastal states or countries that are looking for guidance
regarding cruise ship waste management practices, governmental oversight, and actual or
potential impacts on marine environments.

MICHELE BROWN
Commissioner
Alaska Department of Environmental Conservation

November 25, 2002
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The Impact of Cruise Ship Wastewater Discharge on Alaska Waters

Executive Summary

The Science Advisory Panel was assembled in early 2001 to address all aspects of the potential
impact of cruise ship wastewater discharge on Alaska marine waters. Panel members are listed
beginning on page vii. Using an assessment framework (Figure 1, page x), the Panel started with
effluent characterization and dispersion modeling and concluded with exposure assessment and
recommendations for risk management and additional research. This paper is the result of this
evaluation and represents nearly 20 months of research, fieldwork and discussion. Each aspect
of the assessment framework is addressed in a separate section. These sections are summarized

belowl]

The authors have emphasized that this paper conveys the "state-of-knowledge" as of November
2002. This work is dynamic and should be revised and changed as new information becomes
available.

Although small commercial passenger ships represent only about 6% of passenger vessel
wastewater discharge in Alaska waters, their effluent often contains high levels of fecal coliform
and suspended solids. These vessels are currently allowed to discharge everywhere. The Panel,
therefore, recommends that these ships should avoid stationary discharge, particularly in small
fjords and embayments where the movement or flux of water is limited.

Research and evaluations to date indicate that state and federal regulations for large cruise ships
which set effluent parameters and require wastewater to be discharged while ships are moving
(unless these ships meet stringent effluent limits through advanced treatment) appear to
effectively limit the impact of discharge on Alaska receiving waters. The Panel recognizes many
people feel that "dilution is not the solution to pollution". However, the mitigating effect of the
vigorous mixing action of a moving ship, combined with concentration limits for certain
wastewater constituents, is quite apparent. Evaluation of impacts should be continued and
guidelines for establishing no discharge zones, should the need arise, are presented in Section
VII of this paper.

1. Dilution

Through literature review, fieldwork and evaluation of the EPA plume study off Miami (2001),
the Panel developed the following formulas for estimating dilution of wastewater discharged by
a moving cruise ship:

! A brief glossary of common marine discharge terms used in this section and elsewhere is provided in Appendix 10.
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Large Cruise Ship
Dilution factor =4 x (ship width x ship draft x ship speed)/(volume discharge rate)
=4x ( m X m X m sec™)/( m’sec™)

For a typical large cruise ship moving at a minimum speed of 6 knots and discharging
wastewater at 200m’/hr the dilution factor is 50,000.

Small Cruise Ship
Dilution factor = 3 x (ship width x ship draft x ship speed)/(volume discharge rate)
=3x ( m X m x m sec™)/( m’sec™)

Far field dispersion processes assure that additional dilution will occur before any mixture of
effluent and water approaches a shore. Under the least favorable conditions, the additional
mixing factor will be 1:100 by the time the mixed water reaches a shoreline one mile from the
ship’s trackline, thus diluting the effluent of a large vessel discharging at 200 m’ /hr at 6 knots by
a factor of 5,000,000 or 50,000 x 100.

II. Sampling

The Panel and ADEC reviewed and summarized all available wastewater sample and analysis
data to arrive at the following conclusions:

Obtaining vessel samples that are consistently representative of a discharge (particularly
graywater) is difficult if not impossible. However, data obtained over the last three seasons,
when considered in its entirety, does provide a representative picture of the range and averages
of pollutants in various types of discharge from cruise ships.

Sampling could be improved by de-emphasizing the importance of analyzing fecal coliform
within 6 hours and increasing efforts to obtain representative sample sub-sets or composite
samples of actual discharge taken over time. Recommendations for improving sampling are
presented in Section XI.

Advanced treatment systems recently installed on several large cruise ships are very effective at
removing solids and fecal coliform bacteria but these systems concentrate sludge that requires
disposal. These treatment systems are not designed to remove priority pollutants but test results
show that they do remove a significant portion.

Macerator-chlorinating systems have shown improvement in reducing fecal coliform on vessels
with less than 1000 passengers and crew but in some cases have a high chlorine residual and
chemical oxygen demand.

The 2000 large ship data shows that none of the conventional biological treatment systems were
functioning properly. Ships with this type of treatment system are not currently discharging in
Alaska waters.



II1. Assessment of Fecal Coliform Bacteria in Cruise Ship Wastewater Discharge

The Panel determined that the relevant scenarios of exposure to large cruise ship discharges
include secondary contact recreation by fishermen, kayakers, and motor-powered watercraft
crossing a cruise ship wake shortly after passage of the cruise ship, and raw shellfish consumers
harvesting shellfish along the shoreline. The available data, coupled with the relevant dilutions,
indicate that violations of the applicable bacterial water quality standards are not predicted to
occur for any of these scenarios.

IV. Potential for Nutrients in Wastewater to Promote Unwanted Phytoplankton Blooms in
Receiving Waters

The limiting nutrient for phytoplankton growth in Southeast Alaska marine waters is dissolved
nitrogen. The Panel estimates the maximum mean total nitrogen concentration in large cruise
ship wastewater discharges to be 5 millimoles (5 mM) or 0.07 mg/liter. By applying a minimum
mixing factor of 50,000 for a moving cruise ship, the wastewater total nitrogen concentrations
are one-tenth to one-hundredth of the lowest Alaska marine water background concentration, or
about 0.1 micromoles (uM). This amount of nitrogen can be converted to a very small amount of
phytoplankton over the next several days, approximately 0.03 micrograms of chlorophyll per
liter. This amount of chlorophyll is only a hundredth to a thousandth of the standing
phytoplankton. New treatment requirements and regulations for 2003 may further reduce the
amount of nutrients discharged in cruise ship wastewaters.

V. Effect of Cruise Ship Discharges on the Quality of Marine Sediments

Contaminants in cruise ship discharges were evaluated, focusing on metals and total suspended
solids effluent data. Estimates of metals in the suspended solids were compared directly to
sediment guideline values and some metals were shown to exceed sediment guideline values in
the suspended solids. Copper, the contaminant that exceeded guideline values most often, was
selected for evaluation. The incremental increase in copper sediment concentrations resulting
from cruise ship particulates combined with natural deposition of particles was quantified for
several conservative scenarios and compared to sediment guideline values and background
sediment copper concentrations. The Panel concluded it was unlikely that there would be
environmental impacts of contaminants in sediments that could be associated directly with cruise
ships.

V1. Impacts to the Surface Water Microlayer of the Marine Environment

The Panel investigated the possibility that contaminants from large cruise ship wastewater
discharge might adversely impact life-form activity in the 200-300 um thick microlayer or sea
surface film. The Panel concluded that the high dilution of wastewater caused by a large moving
cruise ship would prevent significant accumulation of contaminants in the microlayer, even after
accounting for the sequestering or enrichment properties of the microlayer. Small cruise ships
that discharge small amounts of wastewater while anchored or stationary in fjords and
embayments may have some limited potential for adverse impact to the fresh water layers found
in fjords and embayments.
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VII. Criteria for Delineating Areas Potentially Sensitive to Cruise Ship Wastewater Discharges

The Panel considered sensitive areas and sensitive species in attempting to determine whether
certain waters and nearby shorelines might be more sensitive than others to cruise ship
discharges.

The Panel developed three recommendations for cruise ship discharges:

1. Stationary discharge in a low tidal exchange area could lead to water quality issues and
should be avoided.

2. The current requirements for large cruise ships — wastewater discharge at a minimum speed
of 6 knots and at least 1 nautical mile from shore unless they can meet the strict effluent
standards for stationary discharge — is good management practice and should be practiced by
all passenger ships.

3. No discharges should occur within 0.5 nautical mile from areas of commercial bivalve
shellfish beds.

The Panel set forth two recommendations for identifying sensitive areas:

1. At this time, the Panel is not aware of any species that has a sensitive life stage that crosses
cruise ship discharge areas. However, should such a species be identified it could be an
important issue for cruise ship discharge timing in a particular location.

2. Areas where long residence time or minimal neap tidal exchanges occur are areas where
chemicals from wastewater discharges are a potential issue. Tidal exchange information
could be used to prioritize areas for further study to determine whether or not wastewater
discharge is a problem.

VIII. Sources of Shipboard Chemicals and Pathways by which They Could Reach the Marine
Environment

Between May 2000 and September 2002, members of the Science Panel attempted to develop a
good working knowledge of the likely “universe of chemicals” brought on board and used on
large cruise ships. They visited several large ships — spending two days underway on one — and
conducted extensive interviews with corporate managers, officers and crew. Eight possible
pathways whereby onboard chemicals could be discharged to the environment were identified
and evaluated. The Panel concluded that a properly maintained, well-managed, modern cruise
ship, operating in full compliance with government regulations, will not release shipboard
chemicals into the environment at a quantity or level that will cause measurable negative
environmental impact. The authors suggest monitoring several additional chemicals in the future
for the purposes of validating best practice or dilution models.

IX. Small Commercial Passenger Vessels

The small fleet discharges 6% of the total wastewater discharged into Alaska waters from
passenger vessels. This number includes the ferries that operate year round. The Panel has
noted that significant mixing and dispersion occurs when wastewater is discharged from a
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moving vessel. Small ship discharges, occurring while at anchor or in port, do not benefit from
the mixing dynamic of underway discharge. Stationary treated blackwater and graywater
discharge, especially at the head of fjords, embayments and other areas of low net marine water
outflow, should be avoided (Sections VI, VII).

The macerator/chlorinating system (Section II) when used on small ships has demonstrated the
ability to treat wastewater effectively for bacteria and total suspended solids. However, this is
achieved by the use of high levels of chlorine. Chlorine is an effective disinfectant but excessive
chlorine residual is toxic to marine life. The State of Alaska should consider whether a residual
chlorine standard is necessary to prevent excessive chlorine entering the marine environment.

Sample results from biological treatment show that this treatment system, as currently operated
on board small ships, cannot meet effluent standards for bacteria and suspended solids.

Evaluation of small cruise ship impacts, including a risk-screen, should continue.

X. Marine Water Monitoring Needed to Track the Impacts of Wastewater Discharges

Every two years in the spring, the National Status and Trends Program (NSTP) of the National
Oceanic and Atmospheric Administration (NOAA) samples mussels for contamination at five
Alaska coastal sites. As expected, organic chemicals and trace metals concentrations are much
lower at these sites than elsewhere along the US Pacific coast. However, more data from Alaska
coastal sites are needed, at the right time (summer), to determine if passenger vessel activity is a
relevant contributor to coastal contamination. Environmental monitoring provides a check that
regulatory actions have their intended benefit and reduces uncertainty. Although the Panel
believes cruise ships are not likely to contribute measurable contamination, a slightly-enhanced
monitoring of contaminants in mussels and sediments in Southeast Alaska, Prince William
Sound, along the Kenai Peninsula, and in Cook Inlet, during the tourist season, could provide a
valuable tool in assuring that state coastal waters remain relatively uncontaminated.

XI. Recommendations for Research and Program Improvements

The Panel finds that, while the risk of environmental impacts from current discharge practices is
low, continued targeted research monitoring increase the level of certainty. Specific
recommendations within the following program and research categories are set forth in Section
XI:

Continued Evaluation of Small Passenger Vessels
Improved Sampling and Additional Audits of Passenger Vessels
Determining Water Movement and Exchange in Selected Coastal Areas

Enhanced Environmental Assessment and Monitoring of Alaska Waters

XII. Best Management Practice and Recommended Policies

In addition to recommendations for monitoring and research, the Panel suggests three best
management practices and policies for risk minimization. They are:
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Policies to encourage small cruise ships to discharge wastewater while underway.
Policies to prevent over-chlorination.

Best management practices for large cruise ships with advanced wastewater treatment systems.
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Section 1

Dilution of Wastewater Discharged by Large Cruise Ships

Lincoln Loehr, CJ Beegle-Krause, Kenwyn George, Charles McGee, and Alan Mearns

Summary

The study, by itself, of effluent characteristics is not sufficient to evaluate exposure and
ecological/health risks associated with cruise ship wastewater discharge. An understanding of
dilution is essential. The Science Advisory Panel (the Panel) has undertaken a number of efforts
with the goal of developing a simple method of estimating wastewater dilution in the wake of a
moving large cruise shipl Starting in February 2001 and continuing through September 2002
the Panel has:

Reviewed several published wake mixing studies [Colonell et al. (2000), Curtis et al. (1999),
Csanady (1980), Kim (2000), ESL (2000)];

Developed a preliminary conservative description of wastewater dispersion behind moving large
cruise ships [Science Advisory Panel June 26, 2001];

Made direct observations of the depth and width of turbulence behind several cruise ships [Loehr
et al. 2001];

Had one member observe dye studies of four cruise ships off of Miami conducted by the EPA,
and

Reviewed EPA’s final report on the Miami cruise ship dye studies [EPA 2002].

The Panel has determined that the dilution occurring within the first 15 minutes following the
discharge of wastewater behind a moving large cruise ship is a function of the speed of the
vessel, the rate of discharge, the beam (width) and draft (depth) of the vessel. Vigorous mixing
occurs in the turbulent wake and extends horizontally beyond the beam (or width) and vertically
below the draft (or depth) of the vessel. For a large cruise ship discharging at a rate of 200 cubic
meters per hour and traveling at the minimum allowed speed of 6 knots, the mixing will be
greater than 50,000 to 1. Different speeds, discharge rates, and hull sizes can result in different
mixing rates and can be reasonably determined by the following formula:

Large Cruise Ship

Dilution factor =4 x (ship width x ship draft x ship speed)/(volume discharge rate)

% A large cruise ship is defined in Alaska Statute 46.03.490 as a commercial passenger vessel that provides overnight
accommodation for 250 or more passengers for hire, determined with reference to the number of lower berths.
Federal regulations written specifically for cruise ships operating in Alaska waters (33 CFR 159, Subpart E) apply to
vessels with accommodations for 500 or more passengers. In this document, we are using the state definition of
large cruise ship.
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=4 ( m X m X m sec)/( m’sec™)

This formula is quite straightforward. A ship with a large cross sectional area (draft and width)
will create more mixing than a smaller ship. A ship moving faster will discharge less effluent
per meter traveled than a ship moving at a lesser rate. A ship discharging at a slower rate of
discharge will also discharge less effluent per meter traveled. Decreased effluent discharged per
meter traveled leads to greater dilution.

In Alaska, fecal coliform colonies in graywater and blackwater discharges from large ships may
not exceed 200 per 100 ml and total suspended solids may not exceed 150 mg/L and must be
discharged while the vessel is traveling at a minimum speed of 6 knots and is at least 1 nautical
mile from shore.ll A large cruise ship may discharge at any speed and location if they meet much
more stringent effluent standards Bl Far field dispersion processes assure that additional dilution
will occur before any mixture of effluent and water approaches a shore. Under the least
favorable conditions, the additional dilution factor will be 100 by the time the mixed water
reaches the shoreline, thus diluting the effluent of the vessel discharging at 200 m’ /hr at 6 knots
by a dilution factor of 5,000,000 or 50,000 x 100.

Utilizing the large ship studies and two studies of smaller ships, the Panel developed the
following formula for small commercial passenger vessels:

Small Cruise Ship
Dilution factor =3 x (ship width x ship draft x ship speed)/(volume discharge rate)

=3x( m X m x m sec™)/( m’sec™)

In this section and in later sections of this report, effluent observations from a variety of vessels
will be discussed and evaluated in the context of the dilution estimations outlined above. This in
turn allows evaluation of the effects of toxicants, bacteria, nutrients and toxicity on the marine
waters and sediments of Alaska.

Significance

Simply looking at effluent bacteriological, chemical, suspended solids or whole effluent toxicity
data from cruise ship discharges is not sufficient to evaluate exposure and ecological/health risks
associated with a discharge. An understanding of dilution is essential. Point source discharges
such as municipalities and industries are regulated under a permitting program that includes
routine evaluation by permitting authorities (EPA or states) to determine whether they have a
reasonable potential to exceed water quality standards after consideration of dilutions attained at
allowed mixing zone boundaries. If that permitting process determines there is a reasonable
potential to exceed any water quality standard, then water quality based effluent limits for those
specific parameters are imposed. If that permitting process determines there is no reasonable

3 Alaska Statute 46.03.463(b) &(c).

* The standards established by US Title XIV — Certain Alaska Cruise Ship Operations 1404(c) require that ships
must meet the following effluent discharge standards in order to discharge continuously: (1) the discharge satisfies
the minimum level of effluent quality specified in 40 CFR 133.102; (2) the geometric mean of the samples from the
discharge during any 30-day period does not exceed 20 fecal coliform/100 ml and not more than 10 percent of the
samples exceed 40 fecal coliform/100 ml; (3) concentrations of total residual chlorine may not exceed 10 mg/1.
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potential to exceed, the discharge is determined to not be a water quality problem. While cruise
ships are not regulated under the same permitting program, a similar evaluation approach is
relevant for determining whether there is a reasonable potential for impacts from cruise ship
discharges.

Initial approach to evaluating dilution

The Panel considered previous observational studies and modeling efforts and concluded that
there would be considerable mixing when wastewater was discharged from a moving vessel, due
to the speed of the vessel, the rate of the discharge, the turbulence associated with the passage of
the hull through the water, and the propeller action. The Panel submitted a report on June 26,
2001 (Science Advisory Panel 2001) that:

1. Reviewed various studies (Colonell et al., 2000; Csanady, 1980; Kim 2000; ESL, 2000)
that generally identified very high rates of dilution based on theoretical calculations
and/or observations,

2. Recommended a dye dispersion study as the most definitive means to answer the dilution
questions, and

3. Advanced a simple formula approach to ﬁrovide a conservative estimate of mixing that
would occur within less than 15 minutest!following discharge. This formula allowed the
Panel and others to continue a conservative impact analysis while awaiting the results of
the EPA Miami dye study.

Calculated dilution factors for three different, large cruise ships at 6, 12 and 18 knots with
assumed discharge rates of 200 cubic meters per hour were presented in the report and varied
from 10,500 to 39,600. Even though these were very substantial dilution factors and represented
mixing that occurs in a very short period of time, the panel emphasized that dilutions calculated
in this manner were conservative.

The June 26, 2001 report also looked at the maximum and average concentrations of toxicants

observed in the Summer 2000 Alaska cruise ship wastewater sampling programﬂ, calculated the
toxicant concentrations (for detected priority pollutants) after a representative dilution factor of
12,000 and compared the values to Alaska’s water quality standards. Although not specifically

> EPA’s Technical Support Document for Water Quality-based Toxics Control (EPA/505/2-90-001) describes how
an acute mixing zone should be established to prevent lethality to passing organisms. The guidance recognizes that
the water quality criteria include duration of exposure considerations. Specifically, EPA allows that a drifting
organism should not be exposed to 1-hour average concentrations exceeding the acute criteria, and that if travel time
for a drifting organism through the acute mixing zone is less than 15 minutes, then a 1-hour average exposure would
not be expected to exceed the acute criterion. The same demonstration is allowed for in Alaska’s Water Quality
Standards. This is the reason that the Science Advisory Panel has selected the time of 15 minutes following a cruise
ship’s passage as the basis for comparing to acute water quality standards. Comparison to more stringent chronic
water quality standards, including whole effluent toxicity tests at the 15 minute dilutions would be conservative and
protective as well. Comparison to mixing after 15 minutes is also appropriate for evaluating incidental bacteria
exposures for the infrequent scenario of a kayaker more than a mile from land crossing the wake behind a cruise
ship.

6 Alaska Cruise Ship Initiative Part 2 Final Report (June 1 2000 to July 1, 2001). The report can be accessed at
http://info.dec.state.ak.us/decpermit/acsireport.pdf
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stated, the effluent concentrations and the dilution showed that there was no reasonable potential
for any of the measured toxicants to exceed a water quality standard after initial mixing.

Science Advisory Panel observations

In July 2001, the Panel met in Juneau and toured a number of large cruise ships. The panel also
conducted a current and wake turbulence study of opportunity, measuring currents at various
depths in the wake of two cruise ships and video taping the fathometer to record detailed
observations of the depth and width of turbulence behind the cruise ships (Loehr et al., 2001).
The current studies identified considerable variability in current directions over the water
column, indicative of shear effects contributing to mixing. Fathometer observations showed that
the turbulence from the passage of the cruise ships initially extended well below the 8 m hull
depth of the cruise ships, and the width of the turbulence spread to 125 m within 6 to 9 minutes.
The wake turbulence zone then grew gradually wider and shallower over time as it rose and
spread horizontally.

The current and turbulence observations provided the Panel information supporting more than
three times the mixing that was calculated by the formula developed by the panel. The panel also
pondered whether a discharge along the side of the hull, rather than from beneath the hull, would
make a difference to the dilution achieved. Later dye study results from EPA indicated that this
did not appear to make a difference.

Navy studies

By the December 2001 meeting of the Panel, copies of studies by the Navy behind a frigate,
measuring dilution of a pulped waste paper discharge released from the stern were available
(Curtis et al., 1999). The studies included observations of dye as well as pulp, and provided
good agreement with numerical modeling performed by the Navy. This frigate had a single
propeller. The Panel looked at the hull width and depth of the frigate, the frigate’s speed, the
discharge rate, and compared the Navy’s mixing results with the panel’s conservative formula.
The Navy study measured and modeled dilutions about 3 times greater than what the Science
Advisory Panel’s conservative formula predicted.

EPA dye studies

In August 2001, EPA conducted dye dispersion studies behind 4 large cruise ships off the coast
of Miami and a draft report was released to the panel in July 2002 (EPA, 2002). One member of
the Panel was an onboard observer during EPA’s studies. Because these observations were of
actual cruise ship wastewater discharges, the EPA observations provided the best reference for
estimating a factor to apply to the Panel’s formula. One of the cruise ships had an azipod
propulsion system (motors and propellers with a shroud around them) and three of the cruise
ships had more conventional propeller arrangements. The dye studies provided “measured”
initial dilutions and “calculated” initial dilutions. The Panel compared EPA’s measured and
calculated initial dilutions with the dilutions predicted by the conservative Science Advisory
Panel formula. The measured mixing values were 5.3, 0.9, 6.5 and 5.1 times that predicted by
the formula. The calculated mixing values were 4.7, 4.2, 6.7 and 4.5 times that predicted by the
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formula (hence the factor of 4 in the large cruise ship dilution formula now endorsed by the
Panel).

For the M/V Explorer the measured mixing value was only 0.9 times the conservative Science
Advisory Panel formula and was anomalous to the other results from the other cruise ships. The
Panel initially attributed it to the ship’s unique azipod propulsion and also its hull design that
would pull deeper water into the azipods. The hull at the stern had twin concave arches within
which the azipods resided. Further analysis of the EPA study by the Panel lead them to conclude
that the dye in the tank could not have been completely mixed and must have initially discharged
at a much higher concentration than was intended. This analysis was achieved by a “mass-
balance” calculation comparing the amount of dye discharged per meter traveled to the dye in the
water after the ship passed. At the rate of discharge of the effluent, such high dye concentrations
as observed would not have been possible had the dye been fully mixed within the tank. When
the area in which dye was detected was considered in the later transects behind the ships, bearing
in mind that there is quite a variation for each cruise ship, the dilution achieved behind the
Explorer was reasonably close to that observed for two of the other ships. After a few hours the
dye extended to a similar cross sectional area in the ocean as for two other vessels, indicating
that a similar dilution would be achieved for the Explorer. The “measured” dilutions assumed a
uniform dye concentration in the discharge, and for the Explorer, that clearly was not the case.
Therefore, only the “calculated” dilution for the Explorer was used in the Panel’s analysis.

Final recommended dilution factors

The formula now recommended by the Panel to describe the dilution for large cruise ships is:
Large Cruise Ship
Dilution factor = 4 x (ship width x ship draft x ship speed)/(volume discharge rate)

=4x( m X m x m sec”)/( m’sec™)

Since this formula accounts for ship size, speed and wastewater discharge rate it can be applied
to a number of situations involving actual discharges underway. It can also be used to develop
best operating practices. Further ship and discharge specific modeling or dye studies are not
necessary for large cruise ships. Provided the vessel has holding tanks, discharges below the
surface, and restricts their discharging to when they are moving, use of this simple formula
approach for estimating dilution is sufficient and appropriate. No single dilution factor is
pertinent for all discharges from all cruise ships.

Dilution will vary with the rate of discharge, the speed and size of the vessel.

Based on the 3 usable “measured” mixing values and four usable “calculated” mixing values
determined from the EPA dye studies, the Panel believes a mixing multiplier of 4 can be
conservatively applied to the formula first suggested by the Panel. Table I-1 illustrates how the
EPA dye studies compared with the original Science Advisory Panel formula, and how the dye
studies compare with the Panel’s final formula. Note that computed values using the Panel’s
formula above match well with the dye study data. Since the dye study results include
observations in which both the discharge rates and the speed of the vessels varied by a factor of 2
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(9 to 19 knots and 56 to 112 cubic meters per hour discharge rate), the formula with the mixing
multiplier of 4 is reasonable to apply to various size, speed and discharge rates.

The original Science Advisory Panel formula was identified as conservative and assumed that
the volume of water involved in mixing was limited to a rectangle defined by the vessels width
and depth and the length of the track over the time of discharge. By applying a factor of four to
the formula, the Panel acknowledges that the cross sectional area of the mixing volume is at least
four times the cross sectional area defined by the width and depth of the vessel. This is
consistent with visual surface observations of ship’s wakes, vertical observations of turbulence
behind cruise ships using a fathometer, EPA’s dye study results and other reported studies
reviewed by the Panel.

Table I-1: Science Advisory Panel’s Original Formula

Science Advisory Panel’s original formula compared to EPA "measured" and
"calculated" results from four dye studies.

Vessel Name Majesty Explorer Paradise Fascination
Width (beam) m 32.6 38.6 314 31.4
Depth (draft) m 7.7 8.8 7.75 7.75
Speed knots 17.4 19 15 9.1
Speed m/sec 8.96 9.78 7.72 4.68
Discharge Rate (Actual) m3/hr 112 56 68 72
Discharge Rate m3/s 0.031 0.016 0.019 0.020
Original Formula Dil’n factor 72,270 213,577 99,479 56,998
EPA "measured" Dil’n factor ~ 386,057 195,322 643,810 288,412
Difference factor 53 0.9 6.5 5.1
EPA "calculated" Dil’n factor 342,123 907,547 666,667 255,499
Difference factor 4.7 4.2 6.7 4.5

[NOTE: measured value for Explorer is suspect. The Science Advisory Panel believes dye
did not mix well in tank.]

As above, but the Science Advisory Panel’s original formula is adjusted by a mixing
multiplier of 4 based on dye studies.

Vessel Name Majesty Explorer Paradise Fascination
Width (beam) m 32.6 38.6 31.4 31.4
Depth (draft) m 7.7 8.8 7.75 7.75
speed knots 17.4 19 15 9.1
speed m/s 8.96 9.78 7.72 4.68
discharge rate m3/hr 112 56 68 72
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Science Advisory Panel’s original formula compared to EPA "measured'" and
"calculated" results from four dye studies.

Vessel Name Majesty Explorer Paradise Fascination
discharge rate m3/s 0.031 0.016 0.019 0.020
Final Formula Dil’n factor 289,081 854,309 397,918 227,992
EPA "measured" Dil’n factor 386,057 195,322 643,810 288,412
difference factor 1.3 0.2 1.6 1.3
EPA "calculated" Dil’n factor 342,123 907,547 666,667 255,499
difference factor 1.2 1.1 1.7 1.1

Appendix 2 uses the Panel’s final formula for large cruise ships to calculate the diluted effluent
constituent concentrations discharged from 21 cruise ships in 2000. The usefulness of such a
formula is apparent when considering different discharge rates. The June 26, 2001 Science
Advisory Panel report calculated dilutions on the basis that all discharges occurred at the same
rate of 200 m’® per hour. One of the more disturbing observations from the year 2000 cruise ship
sampling was that some tanks had very high fecal coliform bacteria, biochemical oxygen demand
(BOD) and total suspended solids (TSS) values. The highest BOD and TSS are found in galley
waste tanks and occur because cruise ships practice water conservation. Water in the galley
waste tank is reused in support of food waste grinder operations so of course the solids and BOD
will be quite high in the galley waste tanks. Galley waste tanks are generally much smaller than
the other waste tanks (20 to 30 m> compared to about 100 m®), and are usually pumped with
smaller pumps at around 1/10™ the discharge rate of the larger tanks. Even though the
concentrations in the galley tanks are greater, so too is their dilution if they are discharged at a
lower rate.

Table I-2 presents representative dilution calculations for a hypothetical large cruise ship with a
beam of 30 meters, a draft of 8 meters, discharge rates of 200 m*/hour (for large holding tanks)
and 20 m*/hour (for small holding tanks like galley wastes). The calculations were for speeds of
6, 12 and 18 knots. Dilution factors for the high discharge rate (200 m®) varied from over 53,000
to over 160,000 for the range of vessel speeds. Dilution factors for the low discharge rate (20
m’) varied from over 530,000 to over 1,600,000 for the range of vessel speeds. With the studies
and data to date, the Panel is confident that the formula for dilution can be used for a vessel
traveling down to 6 knots.

Table I-2: Final Applied Dilution Formula for Hypothetical Ship

Final formula applied to a hypothetical ship of 30 m wide, 8 m deep, at speeds of 6, 12 and 18
kts first using a 200 m*/hr discharge rate and then using a 20 m’/hr discharge rate

200 m’/hr discharge rate example

Width (beam) m 30 30 30
Depth (draft) m 8 8 8
Speed knots 6 12 18
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Speed m/s 3.09 6.18 9.27

Discharge Rate m3/hr 200 200 200

Discharge Rate m3/s 0.006 0.006 0.006

Modified SAP Formula Dil’n factr 53,372 106,744 160,115

20 m’/hr discharge rate example

Width (beam) m 30 30 30
Depth (draft) m 8 8 8
Speed knots 6 12 18
Speed m/s 3.09 6.18 9.27
Discharge Rate m3/hr 20 20 20
Discharge Rate m3/s 0.006 0.006 0.006
Modified SAP Formula Dil’n factr 533,718 1,067,436 160,1154

Table I-3 applies the final formula to the four large cruise ships that participated in EPA’s dye
studies to derive the dilution factors for speeds of 6, 12 and 18 knots based on the actual rates of
discharge.

Far-field Dilution

Dilution factors associated with discharges from moving cruise ships are very large and occur
very rapidly. For comparison, dilution factors available for typical municipal discharges may
range from less than 10 to several hundred. In Alaska, large cruise ships are required to either
treat wastewater to a level that meets stringent effluent standards or discharge while moving at a
minimum speed of 6 knots at a distance one nautical mile from the shorelinell

The public has expressed concerns regarding the concentration of effluent that might reach the
shoreline from 1 nautical mile — the closest to shore that large cruise ships without advanced
treatment systems can discharge. There are several hydrographic and physical oceanographic
processes that could result in this type of transport. Currents typically flow parallel to the shore
rather than toward shore, but the rising and falling of the tides can transport water across areas of
mudflats and marshes. Eddies and wind induced surface flows can also result in transport toward
or away from the nearshore. An onshore wind would only move the very surface of the water
(upper 1-10 cm) toward the shore. Wind driven surface currents are typically 3.5 % of the
surface wind speed. The faster the wind blows, the faster any surface water would reach the
shoreline, however, the surface wave mixing also increases with wind speed.

" Title 33, US Code of Federal Regulations Part 159.309 and Alaska Statute 46.03.463(b), (c), & (g).
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For a modest 10-knot wind blowing directly on shore, almost 3 hours would be required to move
surface water 1 nautical milef] Assuming a layer 1 cm thick is moved by the wind and mixed
into the wave influenced surface layer of about one meter, the additional mixing ratio would be 1
cm:1 m or 1:100 (a dilution factor of 100). Over a longer period of 24 hours, the water would
mix completely through the mixed layer (about 10 meters) increasing the dilution factor from
100 to 1000. Over several days water moves in and out of the mixed layer causing further
dilution. These estimates are conservative as the surface layer would likely mix even more and
the water would not take a direct line to shore, but a more circuitous path longer in time due to
local currents and eddies.

Table I-3: Final Dilution Formula Applied — Four Large Cruise Ships

Large Vessels

Majesty Gray water discharge at 112 m3/hr

Width (beam) m 32.6 32.6 32.6
Depth(draft) m 7.7 7.7 7.7
Speed knots 6 12 18
Speed m/sec 3.09 6.18 9.27
Discharge Rate gpm

Discharge Rate m3/sec 0.031 0.031 0.031
Final Formula Dil’n factor 99,683 199,366 299,049
Explorer Black water discharge at 56 m3/hr

Width(beam) m 38.6 38.6 38.6
Depth(draft) m 8.8 8.8 8.8
Speed knots 6 12 18
Speed m/sec 3.09 6.18 9.27
Discharge Rate gpm

Discharge Rate m3/sec 0.016 0.016 0.016
Final Formula Dil’n factor 269,782 539,564 809,345
Paradise Gray water discharge at 68 m3/hr

Width(beam) m 314 31.4 31.4
Depth(draft) m 7.75 7.75 7.75
Speed knots 6 12 18
Speed m/sec 3.09 6.18 9.27
Discharge Rate gpm

¥ 1 nm/(10 nm hr''*#0.035) = 2.9 hours
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Large Vessels

Majesty Gray water discharge at 112 m3/hr
Discharge Rate m3/sec 0.019 0.019 0.019
Final Formula Dil’n factor 159,167 318,334 477,501

Applicability of Formula to Small Cruise Ships

Fascination Gray water discharge at 72 m3/hr

Width(beam) m 314 314 314
Depth (draft) m 7.75 7.75 7.75
Speed knots 6 12 18
Speed m/sec 3.09 6.18 9.27
Discharge Rate gpm

Discharge Rate m3/sec 0.020 0.020 0.020
Final Formula Dil’n factor 150,324 300,649 450,973

Most data gathered on dilution behind moving vessels have been collected from large cruise
ships. However, there are data from both a single propeller frigate (Curtis et al. 1999) and from
a towed barge (Csanady, 1980). The data from both these vessels indicate that large dilution
factors occur, for the frigate one can use a multiplier of 3 instead of 4 in the dilution formula.
Because of these results, and because one would expect similar hydraulic characteristics between
moving large and small vessels, only of a different magnitude, the Panel is fairly confident that
the formula could be used with the multiplier modification to calculate dilutions behind small
cruise ships. If there is a concern about a particular pollutant at the calculated dilution, then
further analysis or studies could be done at that time on the small vessel. If there is no particular
concern, then use the formula for small cruise ships with a multiplying factor of 3, as:

Small Cruise Ship
Dilution factor = 3 x (ship width x ship draft x ship speed)/(volume discharge rate)

=3x( m X m x m sec”)/( m’sec”)

10



Alaska Department of Environmental Conservation
Science Advisory Panel
Commercial Passenger Vessel Environmental Compliance Program November 2002

References

Colonell, J.M., S. V. Smith and R. B. Sipes. 2000. Cruise Ship Wastewater Discharge into
Alaskan Waters. Technical Report 2000-01, Alaska SeaLife Center pp. 7-16

Csanady, G.T. 1980. An Analysis of Dumpsite Diffusion Experiments. pp. 109-129 B.H.
Ketchum, D.R. Kester and P.K. Park (editors), Ocean Dumping of Industrial Wastes.
Plenum Press, New York

Curtis, S.L., C. N. Katz and D. B. Chadwick. February 1999. Environmental Analysis of U.S.
Navy Shipboard Solid Waste Discharges: Addendum to the Report of Findings.
SPAWAR Systems Center San Diego Technical Report 1716,

ESL, LLC. 2000. Wastewater Dispersion Study: Distribution of Cruise Ship Effluent as
Determined from Real-Time Collection of Water Column Samples; September 6-7, 2000

EPA Office of Water 2002. Cruise Ship Plume Tracking Survey Report

Kim, D.K. 2000. Cruise Ship Wastewater Dispersion Analysis (for International Council of
Cruise Lines), August 25, 2000

Loehr, L.C., A. Mearns and K. George. August 6, 2001. Initial Report on the July 10, 2001
Study of Opportunity: Currents and Wake Turbulence Behind Cruise Ships.
http://www.state.ak.us/local/akpages/ENV.CONSER V/press/cruise/documents/sciencepa |

nel.htm|

Science Advisory Panel for Commercial Passenger Vessel Wastewater Discharge. June 26,
2001. Report to the Alaska Cruise Ship Initiative. Near-Field Dispersion of Wastewater
Behind a Moving Large Cruise Ship.
http://www.state.ak.us/dec/press/cruise/documents/scipanl2.htm|

11


http://www.state.ak.us/local/akpages/ENV.CONSERV/press/cruise/documents/sciencepanel.htm
http://www.state.ak.us/local/akpages/ENV.CONSERV/press/cruise/documents/sciencepanel.htm
http://www.state.ak.us/dec/press/cruise/documents/scipanl2.htm

Alaska Department of Environmental Conservation
Science Advisory Panel
Commercial Passenger Vessel Environmental Compliance Program November 2002

Section 11

Wastewater Sampling and Analysis for Commercial Passenger Vessels

Carolyn Morehouse, Charles McGee, Lincoln Loehr, and Michael Watson

Summary

Since July 1, 2001, Alaska law has required commercial passenger ships with at least 50
overnight passengers to take a minimum of two samples per year that are representative of
wastewater effluent discharged in Alaska water. Wastewater includes blackwater (BW) from
toilets and graywater (GW) produced from sinks, showers and laundry facilities. During the
2000 season, commercial ships under went wastewater sampling and analysis as a part of a
voluntary program.

Over the last three years, the Alaska Department of Environmental Conservation (ADEC)
received data from these sampling events. Obtaining truly representative sampling data for ships
that do not discharge in port is difficult because the fecal coliform test has a 6-hour maximum
holding time. Therefore, the wastewater sampled on these ships is representative of wastewater
that can be sent to a lab within the 6-hour holding time rather than getting a sample of a majority
of wastewater produced during the day.

Sampling could be improved by de-emphasizing the importance of analyzing fecal coliform
within 6 hours and increasing efforts to obtain representative sample sub-sets or composite
samples of actual discharge taken over time. Recommendations for improving sampling and
sampling design are presented in Section XI and Appendix 3.

Small ships, vessels carrying 50-249 overnight passengers, do discharge in port but also have a
difficult time obtaining representative samples. The ships port time is spent disembarking
passengers and getting ready for the next cruise. There is usually little to no wastewater
produced during this day in port, however this is where the sampling is done.

Obtaining samples on board a ship that is consistently representative of a discharge (particularly
graywater) is difficult if not impossible. However, data obtained over the last three seasons,
when considered in its entirety, does provide a representative picture of the range and averages
of pollutants in various types of discharge from cruise ships.

The data show graywater has the same fecal coliform bacteria levels as blackwater. The data
highlight the difference between wastewater that is collected and discharged immediately
compared with wastewater that is held in tanks for later discharge. The data show the
effectiveness of different treatment types.

The advanced treatment systems recently installed on several large cruise ships are very effective
at removing solids and fecal coliform bacteria but these systems concentrate sludge that requires
disposal. These treatment systems are not designed to remove priority pollutants but test results
show that they do remove a significant portion.

12
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The macerator chlorinator system has shown improvement in reducing fecal coliform on vessels
with under 1,000 passengers and crew but in some cases has a high chlorine residual and
chemical oxygen demand.

The 2000 data shows that none of the conventional biological treatment systems were
functioning properly. Ships with this type of treatment system are not discharging in Alaska
waters and therefore are not required to conduct sampling and analysis.

Background

Due to concerns regarding the quality and quantity of commercial passenger ship wastewater
discharged into Alaska marine waters and the potential effects of those discharges,
environmentalists, government agencies, the cruise ship industry, and other stakeholders formed
the Alaska Cruise Ship Initiative in 1999. In 2000, this work group began a voluntary sampling
program to test the effluents of large cruise ships that discharge in Alaska waters. Large cruise
ships are defined as ships that have overnight accommodations for 500 or more people.

Commercial passenger ships produce two types of wastewater: blackwater and graywater.
Blackwater is wastewater from ship’s toilets and for the larger ships include medical facilities.
Graywater is water produced from showers, sinks, and laundry. Graywater comes from three
main sources: (1) galley or kitchen areas, (2) passenger/crew accommodations, and (3) laundry
facilities. Anytime blackwater and graywater are combined the resulting wastewater is
considered blackwater. For data comparison the gray and blackwater mix has been separated to
see if its characteristics are different from other wastewater.

In June 2001, the Alaska legislature passed a law affecting commercial passenger ships operating
in Alaska marine waters with overnight accommodations for 50 or more passengers.td The law
set fecal coliform and TSS effluent discharge limits for both gray and blackwater [ It also
allows the ADEC to perform necessary studies to determine if additional water quality limits are
needed to protect human health and environment.

Cruise ship operators discharging wastewater in Alaska marine water sample for both
conventional and priority pollutants. In 2002, the ADEC conducted a round of Whole Effluent
Toxicity tests to determine the potential for effects of the effluent on marine organisms.

The ADEC compiled data from sampling events in 2000, 2001 and 2002. This report includes all
data received by September 30, 2002. The ADEC developed tables that summarized the data.

For the tables, the ADEC, for statistical purposes, replaced zero or non-detect results with one-
half (%2) the minimum detection limit (MDL). The ADEC included tables for all pollutants with
geometric meansmgreater than the MDL or where at least one sample result was over 10 times
the detection limit. If all sample of a particular priority pollutant were non-detects, they were
excluded from the table. This was done for the sake of brevity. Complete data sets are included
in Appendices 5 & 6.

? Alaska Statute 46.03.460 - 490

' AS 46.03.463 set graywater and blackwater effluent standards for fecal coliform at 200 colonies per 100 ml and
150 mg per liter for total suspended solids.

" “Geometric mean” means the nth root of the product of a series of n numbers; eg. (2 x 9 x 5) *1/3 =4.48
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Samples

Pollutants Analyzed

Wastewater sampling and laboratory analysis provides measurements of conventional and
priority pollutants.

e All ships discharging in Alaska water were required to sample twice a year for the
following conventional pollutants:

Total Suspended Solids (TSS)

Biochemical Oxygen Demand (BOD)

Chemical Oxygen Demand (COD)

Ammonia — Total

Fecal Coliform

pH

Total and Free Residual Chlorine

In 2001, on the advice of the Science Advisory Panel, the conventional pollutants monitoring
requirements were increased to include the following parameters:

Settleable Solids (SS)

Oil and Grease

Total Organic Carbon

Specific Conductance (to measure seawater influx)

Alkalinity

Total Nitrogen (Ammonia, Nitrate, Nitrite, and Total Kjeldahl Nitrogen (TKN))
Total Phosphorus

One of the two required sampling events must sample wastewater for priority pollutants. Priority
pollutants include:

Base/Neutrals, Acids

PCBs

Volatile Organic Chemicals (VOCs)

Trace Metals (Total Recoverable and Dissolved)

There are 126 so-called “priority” pollutants on the EPA list?l In 2000 and 2001, large ships
sampled for all 126 pollutants. Since many of the priority pollutants were not discovered in
these wastewater samples, the ADEC and United States Coast Guard (USCG) shortened the list
to 55 pollutants in 2002. However, the 55 pollutants on the USCG list have 110 chemical
constituents In order to reduce laboratory costs and under guidance from the Panell] the
USCG and ADEC also removed every pesticide from the pollutant list in 2002.

Pesticides are used on vessels and some pesticide residue from fresh fruits and vegetables would
be expected. In the absence of comprehensive shipboard audits, wastewater sampling in the

"2 The list used is from the Compilation of the USEPA;s Water Quality Criteria for the Priority Toxic Pollutants By
Katy McKerney Sept 1997

13 For example, the pollutant class PCB is actually comprised of seven PCBs.

'* Wastewater Constituents to Monitor for 2001, Science Advisory Panel, August 2001
http://www.state.ak.us/dec/press/cruise/pdf/sciencepan061501.pdf
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future should include pesticides. Appendix 4 contains the list of pollutants that were analyzed in
2002.

Sampling Strategy

The number and types of samples taken depended on individual ship configuration and the
ability to get the samples to a laboratory for analysis within a 6-hour time frame. In 2000, the
goal of the sampling program was to characterize the wastewater, determine if hazardous
substances were discharged with the graywater, and determine the functionality of the
wastewater treatment systems.

In 2000, large ships agreed not to discharge within 10 miles of the nearest port. Some of the
2000 in port samples were taken from holding tanks and Marine Sanitation Devices (MSD). The
water in these holding tanks was not being discharged to the ambient water but instead held in
double bottom (DB) or ballast tanks for later discharge. These 2000 sampling data were more
representative of the wastewater that vessel’s discharged prior to the 2000 agreement to “hold”
water in port.

The other sampling events in 2000 sampled the double bottom holding tanks. These tanks held a
majority of the water but could only be sampled as the ship was discharging to the ambient
water. The wastewater in the double bottom tanks was being held for up to 20 hours and
discharged once the vessel was more than 10 miles from port.

After the Federal legislation or the “Murkowski” bill passed in 2000 and the Alaska State law
passed in June 2001, the purpose of the sampling shifted to assess compliance with the federal
and state laws

In 2001, the wastewater samples from large ships had to be taken as the wastewater was being
discharged overboard. Therefore, the large ship samples originated from collecting tanks
because the ballast tanks discharge occurred more than 6 hours from port. Small ships sampled
in port as they were discharging, but there were no people on board. The ferries’ sampling
occurred while there were stopped in Juneau, which typically lasted only 1-2 hours.

In 2002, the wastewater data from large ships reflects the increase in the number of large vessels
that had installed advanced treatment technology, from two in 2001 to seven in 2002. Of the
seven ships with advanced treatment, six met more stringent effluent standards™]

The wastewater sampling strategy from small ships in 2002 was similar to that of 2001. Small
ships took their first priority pollutant data in 2002.

' FederalTitle XIV—Certain Alaskan Cruise Ship Operations and Alaska Statute 46.03.460 -490
' More stringent standards are 20 fecal colonies per 100 ml of sample and TSS of 15 mg/L compared with 200 and
150 comparatively. The more stringent standards also include a chlorine residual limit of 10 mg/1.
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Ships treatment systems from 2000 to 2002

Black water treatment

All large ships treat black water using a US Coast guard approved Marine Sanitary Device
(MSD) or the black water is untreated and discharged when the ships are more than 12 miles
from land. The MSD units use the following treatment systems: (1) biological treatment system,
(2) macerator/chemical, or (3) advanced treatment.

Biological systems clarify the wastewater by allowing solids to settle then use aeration to
encourage biological growth that feeds on the organic waste. Biological systems use either
chlorine or ultraviolet light for disinfecting the final discharge.

Macerator/chlorinator systems dilute the wastewater about 10:1 with ambient seawater. A
macerator pump breaks up any solids. An electrochemical cell generates chlorine from the
seawater and this is used for final disinfecting. There are currently nineteen small ships and
ferries in the program. Fifteen use this type of treatment system. Only the four largest of the
small ships use a biological treatment MSD.

Advance treatment systems treat the wastewater using a biological process followed by
ultrafiltration (filter pore size less than a fraction of a micron - one micron is one millionth of a
meter) or reverse osmosis filtration. The advance treatment systems then use either chlorine or
ultraviolet radiation to kill bacteria. Currently, only large ships are using advanced treatment
systems.

Graywater treatment

Graywater is usually not treated. Some vessels mixed the graywater with the blackwater where it
gets treated in the blackwater treatment system or advance treatment system. Some ships add
chlorine to their graywater collecting tanks to achieve some level of bacteria reduction.

Data Analysis

In the following tables, the ADEC used one-half (}2) the minimum detection limit (MDL) for
results that are zeros or non-detects for statistical purposes. In this chapter the ADEC included
tables for all pollutants with geometric means greater than the MDL or where at least one sample
result was over 10 times the detection limit for the sake of brevity. Tables with all of the raw
data are located in Appendices 1 - 5.

Small Ships

Alaska Statute defines small ships as commercial passenger ships that have overnight
accommodations for 50-249 passengers. Five of the Alaska Marine Highway System (AMHS)
ferries are defined as small ships under Alaska law.
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All small ships treat blackwater in an USCG approved Type II MSDE] Most small ships
operating in Alaska treat sewage using a macerating/chlorinating system; two of the largest small
ships treat sewage with a biological system.

Small ships either collect graywater in tanks and then discharge using a pump, or discharge the
graywater directly from drains to the ambient water. Some ships manage graywater using a
combination of both practices. The graywater management practice depends on ship
configuration. Most small ships do not have wastewater holding capacity.

The AMHS ferries and two small passenger ships mix their gray with the black water and treat
both effluents with their MSD. Some small ships “treat” graywater with chlorine injection.
Chlorine is effective for disinfecting but excessive chlorine residual may be toxic to marine life.

There were only three small ship samples taken from AMHS ferries in 2000, to few to analyze.
In 2001, small ship samples were only analyzed for conventional pollutants. In 2002, the small
ship samples were analyzed for both priority and conventional pollutants. Tables 1 through 4
include all sample data received by the ADEC by September 30, 2002. The ADEC will prepare
an Addendum to this paper that includes an analysis of all 2002 data.

The data were separated into summary tables according to wastewater effluent type and type of
treatment. The raw data tables are included in Appendix 5. The geometric mean values for the
conventional pollutants are presented in Table II-1. The highest geometric means for fecal
coliforms are associated with untreated mixed graywater followed by the mixed, treated black
and graywater (BW&GW).

The limited laundry and galley graywater data shows low fecal coliform densities for these types
of graywater. The data from a laundry-holding tank shows little to no bacteria growth occurring
in that tank. The accommodation graywater only samples had two samples that were over 1000
fecal coliforms per 100 ml, but the geometric mean is low at 9 fecal colonies per 100 ml.

Table I1-1 shows that the treated BW and BW/GW mixed had similar results except for
ammonia, where the treated BW had much higher results. Obviously chlorine treated GW had
lower fecal coliform bacteria counts than the untreated GW but it also had higher BOD and
COD. Treated GW had higher TSS than untreated GW. The Panel has no explanation for this
apparent abnormally.

In April 2002, the AMHS discovered that sampling had been occurring prior to the chlorinating
stage. This explains the high fecal coliform count for samples taken prior to May 1, 2002. A
separate review of the Alaska Marine Highway System (AMHS) is shown in Table II-2. Table
II-2 shows that samples taken before May 1, 2002 have a fecal coliform geometric mean of 5,740
fecal bacteria per 100 ml of water compared to the geometric mean of 3 fecal bacteria per 100 ml
for samples taken after May 1, 2002. This comparison shows that the correctly sampled samples
have a slightly lower biological oxygen demand (BOD), lower chemical oxygen demand (COD)
and higher chlorine residual

'7 A type II marine sanitation device is a device that under certain test conditions produces an effluent having a fecal
coliform bacteria count not greater than 200 per 100 milliliters and suspended solids not greater than 150 milligrams
per liter (Title 33 US Code of Federal Regulations Part 159, subpart A).
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Table I1I-1: Small Ships: Summary Geometric Mean for Conventional Pollutants

2001 and 2002 data

Total | FREE
# samples| All data | Wastewater Type | Ammonia pH BOD COD TSS Cl CL FECAL CONDUCT
From
table mg/L mg/L mg/L mg/L | mg/L | mg/L | MPN/100ml | Umhos/cm
14 |Table B2 | Treated Blackwater | 31.500 765 | 21.51 | 1,0043 | 97.6 | 030 | 0.15 1,546 37,400.0
19 | Table g3 | BW&GWmixed & | 54, 725 | 5808 | 9300 | 611 | 1.12 | 038 1,414 31,653.0
treated
4 | Table B4| Mixed Graywater Not 790 | 38270 | 8804 |186.9| 78.62 | 58.72 1,225. not analyzed
(chlorine treated) analyzed
o | Tablell-} Mixed Graywater |, g, 697 | 9542 | 2283 | 529 | ND | ND 99,096 53.12
B4 (untreated)
10 |Table B5|  Oraywater not 6.74 | 16428 | 1740 | 243 | 0.11 | 0.05 9. not analyzed
Accommodations | analyzed
2 Table-B6 | Graywater Laundry 0.245 9.13 123.20 319.0 215 | 035 | 0.18 2 not analyzed
not Not not Not
2 Table B7 | Graywater Galley 247.40 42.6 | 2.21 |analyze 50 not analyzed
analyzed | analyzed analyzed d
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Table I1-2: Alaska Marine Highway System: Summary Geometric Mean for Conventional Pollutants

# Samples | All data Time Test | Ammonia pH BOD COD TSS Total Cl FREE CL FECAL | CONDUCT
From
table mg/L Mg/L Mg/L Mg/L Mg/L mg/L MPN/100ml| Umbhos/cm
AMHS
from 2000
11 Table B1 -April Geomean | 8.880 7.37 81.15 875.0 50.8 0.67 0.14 5740 35,316.1
2002
AMHS
6 Table B1 |May 2002-| Geomean | 0.380 7.58 7.47 686.8 45.8 9.08 6.12 3 27,231.0
Present
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The small ships did not take any priority pollutant data samples in 2001. Analysis of
priority pollutants in 2002 will be included in the forthcoming addendum.

Table II-3 shows the geometric means of the 2002 data for conventional pollutants,
metals, and base/neutral/acids (BNAs).

Mercury, cadmium and silver (dissolved and total recoverable) and dissolved
antimony were not detected in any sample and therefore, are not included in Table II-
3.

The highest dissolved and total recoverable lead result of any sample was 1.21 pg/l
and 6.74 ng/l, respectively. These values are less than 10 times the MDL so lead
results were excluded from Table II-3. Dissolved and total recoverable Thallium
results were not included because the geometric mean was less than the MDL. Table
B9 in Appendix 5 includes the results from all pollutants.

Only seven of the 72 base/neutral/acids pollutants had any constituents above
detection levels. Of the seven pollutants, only four (benzoic acid, benzyl alcohol, bis
(2-ethylhexyl)phthalate, and diethylphthalate) had geometric means that were above
the MDL or had at least one sample that was 10 times the MDL. Benzoic acid
appeared in high levels. The maximum concentration of benzoic acid was 600 ug/L
in one sample and the geometric was 63.4 ug/L compared with a MDL of 21 ug/L.

The mixed BW&GW samples had significantly higher levels of metals than the
graywater sample. However, this comparison is statistically skewed because there is
only one graywater sample. Further analysis of 2002 data will give a better indication
of priority pollutant analysis.

Table I1-4 shows the volatile organic compounds (VOCs) data for the same group of
samples that were presented in Table II-3. These tables are broken apart only because
of page space limitations.

There are no PCBs detected in any sample except for two surrogates added by the lab
for Quality Assurance. PCB results are included in the Appendix 5 as Table B10.

Pollutants in Table B12 were included in Table II-4 if the geometric mean was greater
than the MDL or at least one pollutant was 10 times the MDL. Twenty-two out of 75
pollutants were included as volatile organic compounds. The other 53 compounds
were all below detection limits and not included in the analysis.

All the samples contained acetone. The acetone results ranged from 0.6 ug/L to 52
ug/L, with half of the samples containing at least 45 ug/L. All four mixed BW/GW
samples contained bromoform at levels more than 100 times the MDL, while the
treated blackwater sample and treated graywater samples were non-detects. The
graywater sample had high levels of chloroform. Two of the four mixed BW&GW
samples had chloroform levels over the detection limit. One of the mixed BW&GW
was high in the rest of the detected VOCs. The other samples were below or close to
the MDL.
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Bromoform and chlorodibromomethane are formed as by-products when chlorine is
added to kill bacteria.

The conventional pollutant analyses done concurrently with the priority pollutants
analyses for samples in Table II-3 and Table II-4 have geometric means of 1.67
MPN/100 ml for fecal coliform, 38.51 mg/l for TSS, 6.19 mg/I for total chlorine, and
3.94 mg/1 for free chlorine.

In summary, the wastewater sample data for small ships that the DEC received by
September 30, 2002 contained the following priority pollutants:

Benzoic acid

Diethylphthalate

Acetone

Bromoform

Chloroform

Antimony (total recoverable)

Arsenic (Dissolved and total recoverable)
Copper (Dissolved and total recoverable)
Selenium (Dissolved and total recoverable)
Zinc (Dissolved and total recoverable)

Small ships did not participate in the voluntary 2000 sampling. They did not sample
for priority pollutants in 2001. This analysis had to rely on the limited amount of
priority pollutant data from 2002. We are, therefore, unable to draw broad
conclusions characterizing the level of priority pollutants in the wastewater effluent
of small ships at this time.
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Table II-3: Small Ships — Conventional Pollutants, Detectable Metals and BNAs.

2002 data (All units of measure in pg/l unless noted)

p— w )
) = —_ = | = a3 & 9 ? & e
= ) g = Z | g A =| 2 » o = S = 5
- |E e £21% |E|2 |23 g |8 & | B E |2 E |2 8 |5]| £z
z T |lag|€s |wgE5s8ég| |85/ 82e B 2|2 |58 | = |= | E E A T |2 |45
= a S) e ZI R ol 2<9E = |E |8 ) o | © = = o | 2 2 l1zZz &
£ |2 |[SF|%f | 95:4C%|=|CF|2f2 E E & & £ % E E E S |%7|*E =
£ |5 S s 329: |- |E |<AE | E | E|B | SslzZz |2 2 |N & |§| £|¢%
T £ 2 &= R ol < = | =10 |© 2 3 = =z &
ype | < o | O =
MDL | 0.160 | 1.00 | 03 1.0 0.1 2 |o010010f 01 [|13(3.6 1923 1.0 1.2 1.5/ 1.1 42 4.8 |25 21 [058]0.69 | 0.88
Mixed
BwaGw |29:400 [ 117.00 | 4950 |22,800.0 | 73.9 | 22 | 120 |7.67| 20 No metals were taken 220 |8.00] 2.10 | 3.70
Bi\v/lggiw 1.270 |134.00| 451.0 |23,0000| 752 | 1 | 10.0 |6.88| 25 | 35.0 | 33.6 | 4.2 | 5.0 |163.0339.0 [21.2| 23.2 | 164.0 | 109.0 74.9 @ 600 |5.60| 2.80 | 2.20
Bi\V/IZEdW 0.080 | 0.50 | 870.0 [31,2000|225| 1 | 250 [8.10| 40 | 50.0 | 37.0 | 4.3 | 3.0 | 119.0 | 166.0 | 16.6 | 14.3 | 171.0 [132.0| 71.3 | 12 [0.29] 5.10 | 0.28
sz‘g‘w 0.121 | 0.50 | 514.0 |23,800.0 | 229 | 1 25 |791| 3.5 | 394|232 | 103 | 1.5 | 18.7 | 30.7 |16.6| 9.8 | 101.0 | 94.1 | 67.3 | 62 |0.29| 8.00 | 0.28
TBW | 6320 | 5.47 | 512.0 |34,5000 | 66.6 | 1 0.1 |7.00| 0.05 | 53.2 | 48.0 | 7.6 | 4.0 | 85 | 202 |15.1| 14.4 | 233.0 | 143.0 26.2 | 12 |0.29]| 0.35 | 0.028
Blackwater
TGW | 080 |138.00| 2280 | 369.0 | 171 ] 1 | 100(819| 16 | 03 | 05 | 0.6 09 | 847 1730| 1.8 | 2.6 = 06 | 12 | 869 60 |9.00| 2.80 | 14.00
Graywater
Min 0.080 | 0.05 | 2280 | 3690 |17.1| 1 0.1 |6.88]/005| 03 | 05| 06 | 09| 85 | 202 | 18| 26 | 06 | 1.2 | 262 | 12 |029] 035 | 0.28
Max  [29.400 | 134.00| 870.0 |34,500.0 | 752 | 22 | 25 |8.19| 40 | 532 | 48.0 | 103 | 5.0 | 163.0|339.0|21.2| 23.2 | 233.0 | 132.0| 86.9 | 600 |9.00| 8.00 | 14.00
GeoMean | 0.750 | 11.980| 4762 | 13,058.0 [ 385 | 2 |3.94 |761|6.19 | 161 | 145 | 39 | 24 | 482 | 90.4 | 10.9| 104 | 524 | 469 | 60.6 | 63.4 |1.46| 2.48 | 1.16
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Table II-4: Small Ships — VOCs

2002 data (units of measure in ug/l)
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MDL 0.15 | 051 | 0.11 | 1.2 0.18 0.23 0.32 0.76 | 0.13 | 036 | 0.25 | 0.29 | 0.32 | 0.42 | 0.15 |0.098

Mixed
BW&GW 9.9 [0.255| .055 45 2.6 31 130 34 2.1 1.4 19 2.9 73 3.1 8 8.5
Mixed 0.67 | 8.3 2.4 47 2 8.9 89 1 4.4 0.18 5.8 4.5 30 | 0.21 | 0.55 1.2
BW&GW . . . . . . . . . . .
Mixed 075 |0.255| 0.055 4 0.09 | 0.135 36 0.38 [ 0.065 | 0.18 | 0.125 | 0.15 [ 1.1 [ 0.21 |0.075| 0.05
BW&GW . . . . . . . .